Approved?or Release 2003/05/28 : CIA-RDP79B01709A000400020024-1

DEPARTMENT OF THE NAVY
N OCEANOGRAPHER OF THE NAVY

THE MADISON BUILDING ’
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From: Oceanograpner of the Havy é/
To: Director, I'efeuse Intelligence Ageney (DIANC) \/

Subj: World.wide Positioning Reguirements

ref: (a) DIA 1tr TCR £57.371-68 of 1k ¥ay 65
{b)} HAVOCEANO itr TCS 645 00867 of 15 Mer §7
{c) DIA ltr TCE 657 ,220.68 of 25 Mer 68

¥mel: (1) Navy Propesed Actions for Refinement of Batellite Hphemerides

i, The Heval Ocesnographic Office and the Haval Wesapons Laborastory nave
revieved reference (2}, We heve agein re-examlued the substance of our
original proposals in reference {b) regerding the instrumentation of
photographic satcllites with doppler trasemitters and nccelerometers for
Inprovement of the Swtellite “phemerides, dvag model and grevity model,

2. 1In reference {8} the Defense Intelligence Agency reiterated the
immediste requirement for increased horizontal snd verticsl accuracles,
There is an urgent need for determinmation of the ephemerides for
satellites &t 100 niles altitude to & high level of acowrsey and a
probable future requirement for even higher accurscies,

2.  The need for timely ection with regard to the projected gonls was
stressed since lead times will probably result in an incompatibvility
Letween the dste the reguirement is firuly established an? the dete the
reguirement must be met. The actlons outlined in enclosure (1) refleet
cur updated thoughts (reference (b)) and aere proposed Lo meet the new
raquirement stated in reference (a),

h, In the interim period we liave further reviewed the possibility of
obtaining & short term advantsge to be gained geodetlcally by utilizw
ing a3 an 21l MCRC event two J.3 missiorns with the 3" F.L. DISIC system,
one at an inelination at 72° wt a 90-115 mu altitude to be

totally independsnt of any intelligence colleetion wissions, This
mission will provide geodetiec ties betveen South America and the !nited
Rtates, A second gesdetic mission shonld be at sn inelinstion of {2°
and provide the necessary short src tles with Furope-Afriea,

NRO, Navy and DIA
review(s)

completed.
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These lower inclinstions will provide better thotogrammetric short arc
sclutions when supported by existing ground control data and known
dztums. One of the major contributing cauees in wot meeting the T30
. accuracy ig the fallure of bheving a derse gecdetic network that

-

ia photo identiflable.

5. Ir the matter of the Few Secrch developments, reference (), it is
strongly recommended that consideration he given to instrumenting
aeveral 127 P.L. systems with the doppler transnitters as part of the
post-19T0 period gecdetic satellite progra=, The availability of
approximately 20 geocelvers should bte well established and coupled

srith the retention of the present Tranet System {20) (13 staotions aug-
aented . I motile Vans, snd 3 SRG/9 receivers) stations provide the means
for acourate ephemerides deteramivation and control densification.

. The TIMATION ranging technique {item g. enclosure {1)). & part of the
Advanced Havigation System Apalyals. bas the advantaze of being cepuile
of providingz contipuous coversge 1¢ satellites at ayncaroncus altitudes
are eaployed or it cen provide intermittent coverage using a single
satellite at low altitude. The Jdevelopment potential of a combined
foppler/Timation systen may provide techalques for continuous gecdatic,
all.weather ipatantapeous fires on a vorld-wide Lasis,

7. Recommendations and Susmary. Proposals {a). (). {c), and (£) of
enclosure (1):

a. Doppler Transaitter in Low Altitude Satellite
b. Aceslerameters in Low Altitucde Satellites

e¢. Decceiver Deployment

£. 3atellite Acquired Doppler Observations

should be pursued to zssure that the immediate accuracy objJectives are
net, tc provide some possibility that the long range objectives car be
met . or to at least provide some source Aata to asslist in meeting these
long raunge objectives. Proposal (e}, Improvement in Gravity Fleld,
should be given high pricrity to provide sssurance that long range
accuracy requirexents are met and that source dats for follov-on systers
are svailable. Proposal (f), Sstellite Acquired Doppler Observations,
ghould be ziven the highest priority as a means of achieving an even
nigher degree of precision thun that possible urder {e), although in »
svstem subject to accidental or Aeliverate jasming.
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Proposals (d) and (g):

d. Remote Geocelvers

g. Batellite Acquired Timetion Ubservations

should be reserved in the event that more promising methods fall to
meet requirements. Component development of these systems should be
pursued and the decision reviewed periodically.

8. The proposals as outlined within the enclosure reflect Havy's
engineering concepts which it could further investigeste and implement,
provided that a valid requirement is establisheld and approvael and fund-
ing furaished, Within the scope of the proposals there iz no intent
to bring any of these, whick by themselves are at a much lower
classifiention--or may even be unclassified--under the asegis of the
Talent-Keyhole System, The Navy's Geophysical Setellite progrem,
basically a navigation system, is now available to U, S. commercial
interests. We xust reitersate that the techniques described are
recommended instrumentel means within the R&D concept to achieve the
desired world-wide positioning requirsments. There is no inteat to
infringe, nullify or limit the sciemtific appliecation of any current
satelliite efforts which may pereallsl, coincide or complexent these pro-
posals if they are investigated in support of objectives of the Talent..
Keyhole System.

0. D. WATERS, Jr.

Copy to:

CNO {Asst, SecRav R&D, Op-07, ¥IC-33)
army (OCE)

Air Poree (Hq AFHIN)

Dir, Naval Lab. (Dr. Johnson)
BAVAIRBYSCOM (Mr. Kay)

CO AMB

CDR ACIC
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DEPARTMENT OF THE NAVY - PROPOSED ACTIORS

a, Doppler Transmitter in Low Altitude Setellite

This recommendation has beep made by the Defense Intelligence Agency
and the Alr Force Space snd Missile Systems Organization. COL Courtney of
SAMSO indiecated that the Air Force Secretary for R&D hes questioned whether
the action would provide assurance that the immediate accuracy requirementis
would be met, The NWL is reviewing available informmtion to determine what
degree of assurence can be given: however, the fact that the Doppler system
will improve the accuracy of the current system, which has not been able to
achieve the accurecy objective, should be sufficient justification for its
use,

b. Accelerometers in Low Altitude Satellites

Accelerometers have been flown in engineering models of low altitude
satellites with excellent results according to the project personnel. We
reiterate our recommendetion of two years ago that accelerometers be flown
with the Doppler transmitters, The accelerometers not only help directly
by reducing errors due to dreg and thrust uncertainties, but alsc indirectly
by permitting analysis of longer time spans of data, thus reducing the
effects of observational errors and allowing more thorough study of, and
subgequent correction for, gravity errors.

c. Geoceiver Deployment

Assuming Doppler transmitters are incorporated in the low altitude
payload, all availsble Geoceivers should be deployed to obtein dats from
the setellites because the portion of the orbit seen by each cbserving
station is extremely smell st low altitudes, The NWL is conducting studies
to determine the optimpm deployment of Ceocelvers which cen be directly
assigned to the project; coordination with other purchasers of Ceoceivers
is also recommended.

d. Remote Geoecelvers

An obvious method of achieving the long range accuracy, despite

the small portiom of the orbit of low altitude satellites seen by each
observing station, is by large scale deployment of Geocelvers. Surface
ships, submarines, and heliocopters could be used to deploy Geoceivers
with sutomatic or pre-programmed signal acquisition capability on reefs,
the ice cap or as anchored bucys, recovering the data tape one to two
weeks later., Altbough some portion of the equipment would be lost to
the elements or to vandalism, the accuracy objective would be achieved
by using the high altitude satellite data to determine the position of
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the equipment and the low altitude data to determine the desired orbit
information. Although the equipment cost for this project would probably
be less than that for the proposals which follow, it is not recommended
that this course be pursued at sny significant level of effort. The
investment in personnel, ships, aircraft and the possible confrontation
with unfriendly forces, coupled with the poor growth potentiul, make this
approach appear inferior to those below. However, the lead time is smaller
than that for those below, and it may therefore prove to be the only rlter-
native for a given time schedule. Similarly, satellite relay of the data
acquired by the remote Geoceivers is tentatively ruled out, since the lead
time would be increased to the level of that for a more effective system
below.

e. Improvement in Gravity Field

The Naval Air Systems Command has submitted a plan for the improvement
in the earth's gravity field with the aid of data obtained from five
proposed satellite launches, four of which would contain drag compensating
thrusters. Accomplishment of this program will provide valuable and
possibly vital data for the long range acouracy requirement. The improved
gravity field, together with dovelopment of the thrust compensation tech~
niqus, will further provide a unique capability for jam-proof, US-based,
real time orbit determination and prediction for follow-on systems. A
high priority should thersfore be given to this development proposal.

f. BSatellite Acquired Doppler CObservations

During the time a ground station observes a satellite at 600 statute
miles travel from horizon to horizon, the satellite traverses 60 degrees in
central angle (in latitude, for a polar orbit). A 100 mile satellite tra-
verses only 24 degrees, which results in the poor coverage discussed earlier,
particularly considering that a larger percentage of these data are subject
to large refraction errors, On the other hand, if a 100 mile satellite were
observed from a 600 mile eatellite, the lower satellite would be in view
during 84 degrees of central angle, more or less depending on whether the
relativeimotions were in the same or in opposite directions. On an area
basis alone then, tracking data from one 600 mile satellite would be worth

(8%/2)2 = 12 ground statione. This ratio, which in itself would be cost
572)2

effective if development costs were ignored, is very conservative becumse the
percent gain is greater when refraction effects are considered, because it
may be possible to optimize the orbits to increase the effectiveness, and,
most particularly, because data could be acquired during portions of the
orbit which are otherwime inaccessible. The Naval Weapons Laboratory will
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conduct studies to evaluate orbit accuracy for various configurations of
tracking satellites. The Naval Air Systems Command should be urged to
initiate an urgent project at the Applied Physics Laboratory of Jomns
Hopkins University to develop a 600 nautical mile satellite equipped with
geoceiver type acquisition and tracking equipment and with a navigation
satellite type memory to record the tracking data for read-out at telemetry
stations. Capability for tuning the satellite receiver over a reasonsble
range of satellite off-set frequencies would be required in order to prevent
Jjamming .

g. Bsatellite Acquired Timation Observations

The possibility of applying the Timation System under development
at the Naval Research Laboratory in the mode described in paragraph (f)
above for the Doppler system should be borne in mind during the course of
the NRL project. The Timation System offers the promise of greater coverage
with the use of synchronous satellites and higher potential accuracy since
geometric solutions for satellite position can be made with range measure-
ments from three satellites, thus eliminating effects of drag and gravity
errors on the low altitude satellite. One disadvantage is the singularity
at the equator, which could probably be bridged easily with orbit computa-
tions based on dynamic techniques. The principal disadventage is that the
system has not yet been developed to the point of demonstrating a level of
accuracy comparable to the Doppler system. Development of the eystem
components should be pursued as a possible alternative to the Doppler
system proposed in paragraph (f).
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